In this work, two systems of mesoporous bioactive glasses (MBGs) with a series of different SiO2:CaO:P2O5 ratios were derived via a sol-gel method involving the usage of block copolymers Pluronic F127 and P123 as templates, respectively. A two-dimensional hexagonal (P6mm) mesoporous structure was obtained in the two systems with a SiO2:CaO:P2O5 ratio of 80:16:4. With the decrease of the SiO2 content, the porous structure of MBGs became less regular, and the BET surface area and the pore volume were also decreased. Mesoporous bioactive glasses from the template F127 displayed a higher degree of bioactivity than those from the template P123, as a result of the existence of more defects on the walls of the mesopores.
Introduction
Bioactive glasses could elicit a specific biological in vivo response at the interface and attach to a host tissue such as a soft tissue or bone, with a strong chemical bond, which has benfenit them with a number of different applications such as bone spacers, fillers, artificial vertebrae, intervertebral discs as well as iliac crests [1] [2] [3] [4] [5] [6] . Certain compositions of bioactive glasses containing SiO 2 -CaO-P 2 O 5 bond to both soft and hard tissues without an intervening fibrous layer. Results of in vivo implantation indicated that these compositions produced no local or systemic toxicity, no inflammation, and no foreign-body response [7] . More recent research showed that there was a genetic control of the cellular response of osteoblasts to bioactive glasses [8] . Sol-gel-derived bioactive glasses were used because they exhibited a high specific area, high osteoconductive properties, and also a significant degradability [9] .
Mesoporous materials have gone through a stage of rapid development, after the first successful synthesis of meso-structured materials by Mobil Oil R & D Corporation through supramolecular templating [10] . To date, these materials have been well accepted in electronic, optical, as well as in biomedical applications, due to their regularly arranged 3-dimensional pores. In recent years, drug release properties of the mesoporous silicate MCM 41 system have been studied. However the biocompatibility of the silicate materials remains a great challenge. Thus it is thought to synthesize SiO 2 -CaO-P 2 O 5 based mesoporous bioactive glasses (MBGs) for drug delivery systems, which could be in the forms of injectable drug-loaded micro/nano particles or even as localized drug-loaded implants. More recently, hexagonally ordered mesoporous CaO-SiO 2 -P 2 O 5 -based bioactive glasses (MBGs) prepared using P123 as a template, and worm-like mesoporous MBGs prepared using F127 as a template, have been produced by Yan et al. [11] .
In this paper, two groups of mesoporous bioactive glasses with a series of SiO 2 -CaO-P 2 O 5 ratios different from those by Yan et al. were synthesized through a sol-gel method and using the block copolymers Pluronics F127 and P123 as templates. Hexagonal mesoporous structures were achieved in both the F127 and the P123 templated systems. The bioactivity of the synthesized materials was studied systematically.
Experimental Method
Preparation of mesoporous bioactive glasses (MBGs). The same composition ratio as the traditional bioactive glasses reported by Perriera et al. [12] was selected in the present work. The synthesis method was a modified one based on the sol-gel process used for traditional bioactive glasses reported by Laczka [13] . The MBGs were synthesized using two different block copolymers, EO99PO65EO99 (F127) and EO20PO70EO20 (P123) (where EO is poly (ethylene oxide), PO is poly (propylene oxide)), as templates. For the first group of MBGs (F127-MBGs), taking 80S-F127 as an example, 6g of F127 (Sigma Aldrich) and 8.9g of tetraethyl orthosilicate (TEOS) (Fluka, ≥ 99.0%) were added to 65g of ethanol (Absolute L260, Comak) and stirred till the solution became clear. Then 5g of 1 M hydrochloric acid (HCl, 37 %) (VLSI Puranal) was added and mixed for 15 minutes. Finally 1.89g of calcium nitrate (Lancaster) and 0.73g of triethyl phosphite (TEP) (Alfa Aesar) were added and mixed for 45 minutes. The obtained mixture was stirred at 30ºC for 24 hours, and then 2ml of which was taken out for in situ study. The rest sol was then introduced into a Petri dish to undergo an evaporation-induced self-assembly (EISA) process at room temperature. The dried gel was calcined at 600 ºC for 5 hours to remove the organic composition.
An identical preparation technique was conducted for the second group of MBGs (P123-MBGs), with P123 (BASF) replacing F127 as the template. Normal bioactive glass (BG) was also synthesized using the traditional sol-gel method without the surfactant added. For each group, three compositions with different SiO 2 :CaO:P 2 O 5 ratios were prepared, and for the convenience of analysis, the samples were coded as 60S, 70S, 80S as shown in Table 1 . Characterization. The samples produced were then subjected to various characterizations to verify the mesoporous structure as well as to examine the phase and composition of the products. A traditional way to determine the pore size distribution i.e. BJH (Barrett, Joyner and Halenda) gas sorption was also applied. In this way, the pore size could be calculated simply according to the amount of gas taken up or released, through the developed Kelvin equation [14] . The BJH pore size distribution as well as the nitrogen gas adsorption property of the samples was tested using an ASAP 2010 surface area analyzer (Micromeritics, USA). Small angle x-ray diffraction (SAXRD, Bruker AXS GADDS) was used to verify the existence of long-range ordered structure inside a sample. The peaks within a small angle range (2θ~1°-10°) provided information on the microstructure of the pores. The SAXRD detection was carried out using the monochromatic Cu-Kα radiation with a wave length (λ) of 1.5418Å, generated under 50kV and 20mA. Observation using a transmission electron microscope (TEM, JEOL JEM-2010) was also performed to confirm the microstructure. Evaluation of in vitro bioactivity. The calcined gels for both F127-MBG and P123-MBG samples were ground with an agate mortar into micron-sized particles before immersing them in the common simulated body fluid (SBF) for the in vitro bioactivity test. The ratio of the MBG powder weight to the SBF solution volume was set at 1.5 mg/ml. Samples were put into polyethylene bottles covered with tight lids. The bottles were placed in a water bath at 37.5°C for 6 hours, 12 hours, 1 day and 3 days, without refreshing the SBF solution. After soaking, the samples were removed from the SBF and washed with ethanol. Phases present in the samples were determined through XRD (Standard attachment XRD 6000, Shimadzu, Tokyo, Japan) analysis.
Results and Discussion
Nitrogen Adsorption Isotherm. Fig. 1 (A) and Fig. 1 (B) show the nitrogen adsorption isotherm plots for F127-MBGs and P123-MBGs at 77 K respectively. Type IV isotherm plots were achieved for all the samples of MBGs. A typical hysteresis loop with a well-defined step in the adsorption curve was observed between 0.4 and 0.8 of the partial pressure P/P0. Since the sharp increase of the adsorption volume with the P/P0 is related to the change in the average pore diameter, the increase of the adsorption volume with the molar percentage of SiO 2 implied the increase of mesopore volume inside the sample. Table 2 lists the porosity and the BET surface area of all the MBGs. It can be read that, for both F127-MBGs and P123-MBGs, the samples marked with 80S presented the biggest porosity and the highest BET surface area. Meanwhile, P123-MBGs showed a larger adsorption volume for all the 60S, 70S and 80S samples, as compared to F127-MBGs. The largest BET surface area was obtained from the sample 80S-P123 with a value of 478.2m 2 /g. Pore size (Å)
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Pore Size Distribution Measurement with the BJH Method. Fig. 2 shows the distribution graphs for the samples. The vertical axis represents the pore volume of desorption for a unit weight. Sharp peaks appear at around 77Å for 80S-F127 and 69Å for 80S-P123. This gives the information that most of the pores had the peak pore size. The peak pore sizes for all the samples are listed in Table  2 . It can be seen that both P123-templated and F127-emplated 60S samples contained smaller pore sizes compared to the 70S and 80S samples. On the other hand, corresponding to the isotherm results, the pore volume decreased as the content of SiO 2 decreased, and the sample 80S-P123 showed the biggest pore volume of 0.82cm 3 /g. All the surfactant templated mesoporous bioactive glasses had much larger surface area and higher porosity as compared to the normal bioactive glasses synthesized without a surfactant [15] . The reason why the decrease of the SiO 2 content resulted in the falling down of the pore volume and the BET surface area will be discussed later. 
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Pore Structure Determination with Small Angle X-ray Diffraction. Fig. 3 shows the SAXRD patterns of the samples. Sharp peaks were observed for both F127-80S and P123-80S samples, which suggests the existence of ordered mesoporous structure inside the samples. The peak intensity decreased as the SiO 2 content decreased, which implies that the regularity of the mesostructure became poorer when a less amount of SiO 2 was incorporated. The 60S and the 70S samples did not show clear peaks, which represents that a non-long range ordered structure existed inside these samples. The peak values of the F127-80S and the P123-80S samples were calculated and indexed according to the spacing ratios between the peaks as shown in Fig. 3 (C) and (D) . In the case of P123-80S, peaks at 2θ = 1.04°, 1.80°, 2.11° were observed, corresponding to a sharp 1: 3 : 2 ratio, which could be ascribed to the first three peaks of a hexagonal structure (100), (110), and (200). However, for F127-80S, one peak at 2θ = 0.86° and one hump at 2θ from 1.3° to 2.1° were observed. This hump could possibely be splited into two peaks at 1.48° and 1.7° as indicated in Fig. 3 (C) . These peaks can also be indexed to the (100), (110), and (200) reflections of the hexagonal phase with a 1: 3 : 2 spacing ratio. Compared to 80S, the peak intensities of 60S and 70S in the SAXRD patterns are much lower for both the F127 and the P123 templated MBGs. Thus, at the same weight of a surfactant added for the different samples, the SiO 2 :CaO:P 2 O 5 became a critical factor that affected the structural regularity of the mesopores, as well as the porosity and the surface area. 
Microstructural Analysis using Transmission Electron Microscopy (TEM). High resolution
TEM observation was carried out to verify the existence of a mesoporous structure, as well as to determine the pore size ( Fig. 4) . It can be seen that the regularity of the meso-structure tends to increase from 60S to 80S for both the F127 and the P123 templated bioactive glasses, indicating that with the increase of the silica content in the samples, the mesoporous structure became more regular. This is consistent with the results of SAXRD. It has been discussed that no long range ordered structure was revealed from the SAXRD patterns of 60S and 70S. No fine-ordered mesostructure was revealed from the TEM micrographs either. On the contrary, both the microimages for F127-80S and P123-80S present a well ordered mesoporous structure. From the literature, only worm-like meso-structure was achieved by Yan et al. [11] using the F127 as a template, however in our case, the F127 templated 80S samples presented fine-ordered meso-structure. Diffraction patterns for these two samples were also taken, and the diffraction rings revealed the fine arrangement of the mesopores inside the samples. This phenomenon is consistent with that shown by SAXRD and the surface area analysis, and could be interpreted according to the mechanism as shown in Fig. 5 . In this mechanism, the interaction between the EO corona (PEO-PPO-PEO) of the micelle and the Si-O tetrahedron plays the key role during the formation of the mesoporous structure. Ca 2+ ions and P-O tetrahedra will participate in the process by forming a complex with the Si-O-micelle group. With the improper SiO 2 -CaO-P 2 O 5 ratios, a fine ordered liquid crystal structure formed between the Si-O group and the block copolymer (F127 or P123) will be interrupted. This explains clearly why the ordered structure was formed from 60S and 70S samples, as well as the relatively low porosity and surface area. Evaluation of In Vitro Bioactivity. Fig. 6 shows the XRD patterns of the samples of both F127-MBGs and P123-MBGs after being soaked in the SBF. From the XRD patterns, it can be observed that after 3 days, hydroxyapaptite (HA) phase can be identified from the characteristic peaks of the HA phase corresponding to the (002), (203), (004), (413) and (513) diffractions respectively. Interestingly, the XRD patterns indicate a similar bioactivity for F127-MBGs and P123-MBGs, although the XRD pattern of F127-MBGs showed a slightly higher intensity than that of P123-MBGs. This is a conflict with the fact that F127-MBGs presented a lower surface area than P123-MBGs from Table 2 , which would result in a poorer bioactivity. This phenomenon has been clearly interpreted by Zhao et al. [16] .
From the intensities of the HA characteristic peaks, it is obvious that the in vitro bioactivity of MBGs tended to be poorer as the SiO 2 content decreased. For both F127-MBGs and P123-MBGs, the bioactivity behaved in the following sequence: 80S>70S>60S. For 60S and 70S, the F127 templated MBGs also presented a better bioactivity than the P123 templated MBGs, which is consistent with the findings of the 80S samples shown earlier. The FESEM micrographs and the EDX spectra for the samples after three days of soaking in SBF are shown in Fig. 7 . Comparing the morphologies and the EDX spectra of 60S, 70S, and 80S after three days of soaking in SBF, the same trend of bioactivity as that from XRD was discovered, that is, 80S>70S>60S. This phenomenon is ascribed to the increases of the CaO content from 80S to 60S, and the decrease of the silica content, resulting in the decrease of the Si-O-H group, and therefore fewer apatite nucleation sites [16] . 
Conclusions
Two mesoporous bioactive glass systems were sol-gel derived using Pluronics F127 and P123 as templates respectively. Fine ordered hexagonal mesoporous structure was achieved for both the F127 and the P123 templated systems with a ratio of SiO 2 :CaO:P 2 O 3 = 80:16:4. The regularity of the mesoporous structure became poorer as the SiO 2 content decreased. The surface area and the pore volume also decreased with the decrease of SiO 2 content. The highest surface area of 478.2 m 2 /g was obtained from the P123 templated sample with a ratio of SiO 2 :CaO:P 2 O 5 = 80:16:4. For both the F127 and the P123 templated mesoporous bioactive glasses, the samples with a higher SiO 2 content displayed a higher degree of bioactivity tested using the simulated body fluid, which was due to the higher BET surface area and the larger pore volume.
